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Volume I, Executive Summary, summarizes the results 

AND ACTIVITIES OF THE STUDY. DETAILED STUDY RESULTS 

are presented in Volume II, Technical Volume, Final 
Report. 
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Satellite Servicing Study Objectives 



• Define the testbed role of an early (1990) manned space 

STATION IN THE CONTEXT OF A SATELLITE SERVICING EVOLUTIONARY 
DEVELOPMENT AND FLIGHT DEMONSTRATION TECHNOLOGY PLAN WHICH 
RESULTS IN A SATELLITE SERVICING OPERATIONAL CAPABILITY BY 
THE LATE 1990s. 

• Conceptually define a satellite servicing technology 

DEVELOPMENT MISSION (A SET OF MISSIONS) TO BE PERFORMED ON 
AN EARLY MANNED SPACE STATION. 


/W>1l7r/A/ MAFUETTA 



4 structured approach was used to ensure at I study elements defined. 

— Satellite Servicing Mission Model Developed 

— Task Assessment Identified All Servicing Tas!.s/Locations 

— Mission Objectives, Scenarios, and Requirements Defined 

— Technology Development Plan Established 

— TDMs Identified, Developed, and Validated for All Servicing Tasks 

— TDM Accommodation Needs and Interfaces Defined 

— TDM Costs and Schedules Developed 



Satellite Servicing Study Flow 


INPUT DATA 
•NASA 

* MMC 

• INTERNATIONAL 


DEVELOP SERVICING MODEL\ 
•SATELLITE \ 

•SPACE STATION EVOLUTION! 
•SATELLITE ASSEMBLY 


/i PACE ST ATION ST UD^/ 




DEFINE TDM 

MISSION 

OBJECTIVES 


SATELLITE 
SPACE STATION 
ASSEMBLY l 


DEFINE TDM 
REQUIREMENTS 


SERVICING TASK 
ASSESSMENT 


• MAI NT* & RESUPPLY 
•ORBIT TRANSFER 
•ASSY & CHECKOUT 



DEVELOP 
TECHNOLOGY 
DEVELOPMEN 
MISSIONS ( 


? T TDH> 




•MATRIX 

’RANKING 

•PHASING 

•TRADES 


"IDENTIFY NEW TECH. CAPABILITY 

ground shuttle early 

TESTS SORTIE S.S. 

•mission/system reqmts 

• INTERFACE REQMTS 
•SERVICING EVOLUTION 


1984 


2000 


TIME PHASE 

SERVICING REQUIREMENTS 


ACCOMMODATION 

NEEDS ► 

♦• INTERFACES 
•SERVICING EQ UIP 

OPERATIONAL ** 

ANALYSIS 

•MAN SUPP^ 

•AUTOMATION 

•TIMELINES 


PROGRAMMATIC 

ANALYSES 

•OPER. PLAN 
•SCHEDULES 
•COST ANALYSIS 
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Servicing Tasks, Objectives 
And Requirements 



13 



Servicing Mission Model and Task Development 


Mission model assessment determined that servicing opportunities an abundant 

— Space Station Mission Model Totals 185 Missions in 1990s 

— Each Mission Analyzed for Servicing Tasks 

— Seventy Percent of Missions Surveyed Required Servicing 

— Three Hundred and Eighty-Seven Servicing Opportunities Were Identified 
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Servicing Mission Model & Task Development 


Composite Mission Model (389) 


Trade Studies 


Space Station Mission Model 

S/S 

Platforms 

IFF 

Categories 

Planetary Science 
Earth Observation 

Total 

No. OF 
Missions 

11 

14 

185 


T 


> 


Servicing Task Rqmts 

Task 

No. 

Assembly 

26 

Orbit Transfer 

126 

Resupply 

139 

Maintenance 

96 

Total Service 
Tasks 

387 




Service Intervals 

Cryogenics 

6 Mo 

Storable Fluids 

'30 Mo 

I 

Instrument Upgrade 

'36 Mo 

Materials Resupply 

1-6 Mo 

Component Failure 

21 Mo 


$ 


§ 
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Satellite Servicing Tasks 


Survey and analysis defined 387 servicing tasks. 

— Four Task Categories Encompass 10 Mission Areas 

— Twelve Space Station Assembly and 14 Spacecraft Assembly Missions 
Identified 

— Sp^r.ecraft Delivery and Retrieval Missions Are Extensive 

— Resupply Provides Satellite Life Extension and Enables Continuous Materials 
Processing Activities 

— Decontamination, and Planned (Module Replacement) and Unplanned Repair 
Encompass Maintenance Tasks 
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Satellite Servicing Tasks 


Space Station> 
Assembly 
12 


Large 
Spacecraft 
Assembly 
14 



Assembly 


Mainte-/ 
nance 


Orbit 
Transfer 


(decontami nation! 

V. 20 J 

\ / Total \ ^ 

7 Satellite Servicing 
/ Opportunities \ 

^ 

^ 

/ (1991-2000) \ 

l RefurbishmentV 

i Assembly 26 1 

"i Orbit Transfer 126 l~ 

8 

\ Resupply 139 / 

\ Maintenance 96 / 

. — ^ 

\ Total Servicing 387 / 
/\tasks 

f Module \ 

l Replacement j 


68 >/ 
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Delivery 

106 



Retrieval 

20 


Fluid Supply' 
Earth Storable 

40 


Fluid Supply' 
Cryogen 

18 


Materials 
Supply 

81 


Resupply 
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Servicing Task Assessment — Locations 


Assessment of task matrix IdentUted full spectrum of servicing tasks and locations. 

— All Servicing Tasks and Locations Considered 

— Ten Major Tasks Required at Five Locations 

— Servicing Required at Space Stai.on and Remote Locations 

— Most Tasks Required at All Locations 
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Servicing Task Assessment-Locations 



Servicing 

Tasks 

Servicing 
Sub -Tasks 

Servicing Locations 

Space 

Station 

S/C Berthed 


aH 

S/S Plat 


As s e 

\ 

Y 

S/S System 

Assembly/Modification 

/ 


✓ 



Large S/C Assembly 

✓ 

/ 




V"A 
B I V 

T S 

Deliverv 


✓ 

/ 

✓ 

/ 

Retrieval 


/ 

/ 

/ 

/ 

Re s 

Up 

P L 

l Y 

Fluids -Earth Storable 
-Mono, Bi-Prop 

/ 

✓ 

/ 

/ 

✓ 

Fluids -Cryogen 

✓ 

/ 

✓ 

✓ 

✓ 

s - Logistics 
- Raw Materials 

✓ 

✓ 

/ 

✓ 

✓ 

m a, 

n t e 

n a 

\ 

E 

Module Replacement 

/ 

✓ 

/ 

/ 

✓ 

Refurbishment 

✓ 

/ 

/ 

✓ 

/ 

Decontamination 

/ 

/ 

/ 

/ 

✓ 


o o 
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Mission, system, and detailed objectives defined. 
— Resulting in: 

— 4 Mission Level Objectives 

— 21 System Level Objectives 

— 230 Detail Level Objectives 
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Servicing Objectives— Orbit Transfer (Example) 


Orbit transfer objectives cover delivery and retri eval tasks. 
— Results 

— 5 System Level Objectives Defined 

— 48 Detail Level Objectives Identified 
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Servicing Objective - Orbit Transfer (Example) 


Mission 

Objective 


Demonstrate Capability to Deliver/Retrieve Spacecraft To and From Opera* 
LEO and GEO Orbits and To and From the Manned Space Station 


System 

Level 

Objective 


Demonstrate Capability 
to Stack Transfer 
Vehicles/Spacecraft 


Demonstrate Capability 
to Load Stack with 
Propellants 


Demonstrate De- 
ployment of 
Stack to Remote 
Reboost Position 


Demonstr) 
to Dell 
to Operas 


Detailed 

Objectives 


Validate Movement of 
Transfer Vehicles 
(TMS/OTV) to Mating 
Position on Space 
Station Using Space 
Station RMS 

Validate Mate of 
Transfer Vehicle(s)/ 
Spacecraft Using 
Space Station RMS, 
EVA, MMU/Space Crane, 
Control Consoles 


Validate Capability 
of Space Station RMS 
to Transfer Stack to 
Propellant Storage 
Area 

Validate Propellant 
Loading: 

- Power Stack Down 

- Connect Fluid, Elec- 
trical Umbilicals 

- Load Vehicles 

- Validate Load 
Accuracy 

- Monitor Residuals 

- Disconnect 
Umbilicals 

Validate Checkout of 
Orbit Transfer Stack 

- Power Stack Up 

- Conduct Complete 
Checkout of Stack 


Validate Space 
Station RMS 
Transfer of 
Stack to Deploy- 
ment Site 

Validate Space 
Station RMS De- 
ployment of 
Stack from Space 
Station 

Validate TMS 
Transfer of 
Stack to Orbital 
Boost Position 

Validate Space 
Station Control 
Center Capabil- 
ity to Control 
Vicinity Enve- 


Validate 
for Final 
System Ci 

Validate i 
Engine 
(TMS, 01 

Validate, 
Mission 
Manned 
Control 
tion Groi 
Prior tci 
Line of 

Validate^ 
Spacecr/ 
Operath 

Validati 
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Total sat of mission scenarios derived from task assessment and TDM objectives. 

— Task, Locations, and TDM Objectives Primary Inputs 

— Servicing Techniques Derived— Automation, EVA, and IVA 

Result 112 Servicing Scenarios Were Developed lor Functional Analysis 


Mission Scenarios 



! 



1 1 va Servicing for SS, Prevent. Maint, | 
lE VA Servicing, Refurbishment, Free FlyIrI 
Orbit Transfer, Payload Deliv. Free" Flyer 

(" Demote Svcing for SS, Decontamination 

remote Svcing, Free Flyer, Cryogen Resupply 

112 Servicing Scenarios 


Time-Phased Sfquence 
op Servicing Events 
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Functional analysis completed for 18 unique scenarios. 

— One-Hundred and Twelve Scenarios Examined for Commonality and 
Combinations 

— Result— Eighteen Functional Analyses Capture All Servicing Events 


Scenario Commonality /Combination Analysis 





Automated Servicing, Attached 
Automated Servicing, Unattached 
Automated Servicing for SS 
Automated Servicing, Platform 
EVA Servicing for SS 
EVA Servicing for Free Flyer 
EVA Servicing, Platform 
EVA Servicing, Attached 
IVA Servicing for SS 
IVA Servicing, Attached 
Orbit Transfer Payload Delivery 
Orbit Transfer Payload Retrieval 
Payload Assembly at SS 
Payload Mating at SS 
Payload Construction 
SS Assembly, Initi al 
SS Assembly, Evolution 
SS Assembly, Construction 


/vf/i ft r//v Af/iff/firrfl 
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Functional Analysis Example — Orbit Transfer, 
Payload Delivery 


Detailed functional and operational analysis conducted for all 18 scenarios. 

~ TDM Requirements Include Universal Docking System, Berthing System, 
Transfer Mechanism 

— New Technology Capabilities Required— Reusable TMS, OTV, Operational 
Techniques 


f 
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Func. Anal. Example-Orbit Transfer, P/L Delivery 


Delivery 




Separation 


^OTV 







Rendezvous 


TMS/OTV/ 

P/L Mating 


Initial 
Deployment 
from SS 


P/L Delivery 
by OTV 


Final TMS 
SS RMS Retrieval 


TMS/OTV 

Demating 


Requiremen ts 

- Universal Docking System 

- Logistics Support 

- Berthing System 

- Control Station 

- Transfer Mechanism (SS RMS) 

- Mating Facility 


New Technologies 

- Reusable Vehicle Refurbishment 

- Power System Replacement/ 
Refueling 

Unscheduled Maintenance 

- Operational Techniques 

- Control Transfer of OTV 
from SS to Ground Control 
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Key Technology Issues Identified 


Seven key technology dev el opment arose Identified. 

— Fluid Transfer Issues Include Transfer, and Measurement of Storables and 
Cryogens 

— Space-Based, Reuseable TMS Required for Servicing at Space Station 

_ Near-Term Technology Development for Space-Based OTV with Aerobraks 
Required 

— Servicers for Remote Operations Identified 

— Space Automation Technology Development Required for All Servicing Aspects 

— Onorbit Maintenance Requires Substantial Technology Development 

— Operations and Control Complicated by Complex Tasks and Minimum Crew 


Key Technology Issues Identified 
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Evolutionary Technology Plan (ETP) — Fluid Transfer 


Evolutionary technology plan was developed and provides technology development 
roadmap. 

— Technology Status and TDM Requirements Compared tor All Issues 

— Fluid Transfer Example Shows Ongoing and Planned Technology for Each 
Storable and Cryogen 

— NASA Preparing Ground and Shuttle Experiments Using Water/Hydrazine 

— NASA Planning Cryogenic Fluid Management Facility (CFMF) for Cryogenic 
Transfer on Ground and Shuttle 

— Additional Fluid Transfe r Tests Recommended — MMS/Mark I and TMS/Mark II 

— “Battleship Tank” Precursor Tests Required on Shuttle for TMS and OTV 
Before Space Station Tests 

— Recommended Development of Automated Equipment and Procedures at 
Space Station — Ground, Shuttle, Space Station Tests 

— Propellant Resupply — Related Issue — Studies Underway 

— - Earth Storable and Cryogen Tests Required at Space Station 


' 2 


TECrtNOLC/Gf 


GROUND 


ORBITAl PLUI D 
TRANSFER 


(EARTm STORABlE > 


( CRYOGEN> 


I 


uti - ORB I TER 
SUPPLY system design (o) 


NHC I RtO - fROPELLANT 
TRANSFER (o) 


PROPELLANT XFEfl PROCE 
DEVELOPMENT (a) 



L«»C/FfRC - DESIGN 


cryogenic Fluid pjgmt 

FACILITY (cfne) (o) 


jsc/nsfc - propellant 

DELIVERY to orbit O j 

- ET SCAVENGING 

- AFT CARGO CARRIER 

- CMS reco-very/capture 
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Technology Development Missions 
Operations Analysis 
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Mission-level TDMs demonstrate satellite servicing capabilities. 
— Mission-Level TDMs Define: 


- System/Subsystem Validation Requirements (Precursor TDMs) 
— Space Station Facility Requirements 
— Servicing Equipment 
— Operational Requirements 
— Operational Satellites and Missions Chosen for TDMs 



Technology Development Mission ( TDM ) 



Purpose; Demonstrate the Satellite Servicing Operational Capability on the 
Early Space Station 


Precursor TDM's 

System/Subsystem Validation 
Required to Satisfy a 
Mission Level Objective 


Mission Level TDM 

Demonstrates a Specific Satellite 
Servicing Capability or Set of 
Capabilities. Conducted Either at 
or Remote from the Space Station. 
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Satellite Servicing TDMs 


Eight TDMs encompass all satellite servicing tasks. 

— Objectives Defined for Eight TDMs 


38 



Satellite Servicing TDMs 


TDM OBJECTIVE 

1 SPACE STATION ASSEMBLY, 
MODIFICATION, RESUPPLY 
AND MAINTENANCE 


2 LEO TRANSFER RESUPPLY 
AND RETRIEVAL 
(SOLID OBJECTS) 


3 ORBIT TRANSFER 
(GEO DELIVERY) 


A LARGE SPACECRAFT 
ASSEMBLY 


TDM OBJECTIVE 
5 RESUPPLY (CRYOGENS) 



6 

7 


MAINTENANCE/DECONTAMINA- 
TION (EVA) 


MA I NTENANCE/MOLU LE ( S ) o 

REPLACEMENT AND FLUID £# 
RESUPPLY (GENERAL PURPOSE 


ROBOTIC SERVICER) 


8 RESUPPLY (FLUIDS AT GEO) 


MXinTirj /VtAFTIETTA 
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TDM selections validated. 

— Task/Location Matrix Analysis Verifies Servicing Requirements Satisfied 

— Each TDM Demonstrates a Servicing Capability 

— Multiple Tasks Conducted on 50% of TDMs (1, 2, 6, 7) 




o s 

-n 70 

O z 
o > 
30 r* 

o ^ 

5 g 

r- i* 

3 s 


LEC - Low Energy Change 
HEC _ High Energy Change 


Satellite Servicing— TDM 1 (Example) 


TDM 1 demonstrates Space Station assembly and modifications. 

— TDM Time Phased for Space Station Evolution and Maintenance Requirement 
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Satellite Servicing -TDM 1 (Example) 


TDM OBJECTIVE DESCRIPTION 


DATE 


1 SPACE STATION 
ASSEMBLY, 
MODIFICATION, 
RESUPPLY, & 
MAINTENANCE. 


ASSEMBLE DEPLOYED 
ENERGY SECTION AND 
INITIAL CREW HABITA 
BILITY MODULE. 
INCREMENTAL SS MODI 
FI CAT IONS, RESUPPLY 
& MAINTENANCE. 


1990 - 

1992 


LOCATION: 
SPACE STATION 


PRECURSORS 

TMS VALIDATION 
FROM STS. 



TDM 1 : Space Station Assembly and 
Modification — Operations Analysis (Example) 


TDM 1 demonstrates Space Station assembly sendee support 

— Operations Analysis Highlights Delivery, Assembly, and Checkout 

— Top-Level TDM Requirements Are Displayed 


TDM 1: Space Station Assen 
Modification-Operations Anal 


Shuttle Delivery, 
Deployment, and 
Checkout of SS 
Energy Section 


Shuttle Delivery 
of SS Modules and 
Supplies 


Operational 

Requirements 


- STS 

- TMS 

- EM'J/MMU 

- Ground/Crew 
Communications 
and Control 

- Assembly Tools, 
CCTV, Lighting 

- Alignment 
Equipment 

- SS RMS 

- Berthing System 

- Environmental 
Control (Man, 
Materials) 

- Checkout 
Equipment 





/VTX9ffTt/V /VT/1 Ft I Ez T~TF\ 


45 


ORIGINAL PAGE IS 
OF POOR QUALITY 








Satellite Servicing — TDM 4 (Example) 


TDM 4 demonstrates onorblt assembly and delivery of large spacecraft 

— TDM 4 Time Phased for Use with Operational Satellite 

— Multitasks Demonstrated in TDM— Assembly, and Delivery 

— OTV Operations Validation Identified as Required Precursor 


46 


/ 


Satellite Servicing-TDM 4 (Example) 


TDM OBJECTIVE DESCRIPTION DATE 


4 LARGE SPACECRAFT ASSEMBLE ORBITING VERY 1993 
ASSEMBLY LONG BASELINE INTER- 

FEROMETER (OVLBI) AT 
SPACE STATION AND 
DELIVER TO LEO 

LOCATION: 

ASSEMBLE & C/O AT SS. 

DELIVERY - LEO 45°. 



PRECURSORS 

OTV OPERATIONS VALI- 
DATION, TEMPORARY 
SPACECRAFT ELEMENT 
STORAGE 



o 3 

c: > 
> o 
r- m 
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TDM4: Large Spacecraft Assembly — Operations 
Analysis (Example) 


TDM4 demonstrates onorblt assembly and delivery of large spacecraft. 

— TDM Conducted with Operational Satellite 

— Multitask Mission Demonstrates Assembly and Delivery 

— OTV Operations Validation Is Required Precursor 
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TDM 4: Large Spacecraft Assembly-Operations 
Analysis (Example) 


Shuttle Docking 
& Cargo Transfer 
to SS 




OVLBI Assembly 
and Checkout 


h 




Operational Requirements 

- STS 

- P/L Berthing Station, 
Tools, Logistics 

- EMU/MMU 

- Space Crane/RMS 

- Crane/RMS Control 
Console 

- Checkout Instrumentation 

- TMS 

- OTV with Aerobrake 

- TMS l Console Trade 
OTV f (Single/Multi) 


•Ground Control 


[ 

0 w LBI/0TV/ (TMS) 
Mating and 
Checkout 

-4^ 

OVLBI /OTV/ (TMS) 
Deployment to 
Orbit Transfer 
Point 

r 

e-, ' 

1 i 
_! 

c 

Orbit 

Transfer 


OVLBI /OTV/ (TMS)* 
Demating and 
S/C Activation 

h 

r — 



;{7>V 





Title: Orbiting Very 

Long Baseline 
Interferometer 
(OVLBI) 

Inclination: 45° 

Altitude: 800 km/432 nm 

S/C Mission: Maps Compact 

Celestial Radio 
Sources 


o o 

*0 o 

O =5 
O § 
n 

O -a 
C 

cS 

3* 
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TDM 7 demonstrates module replacement, general repair, and fluid resupply 
capability. 

— TDM 7 Time Phased to Correspond with Needs of Operational Satellite 

— Retrieval and Servicing at Space Station Demonstrated 

— Planned and Unplanned Maintenance Conducted 

— General-Purpose Servicer Validated 
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Satellite Servicing -TDM 7 (Example) 


TDM OBJECTIVE 


7 MAINTENANCE/ 

MODULE (S) REPLACE- 
MENT AND FLUID 
RESUPPLY (GENERAL 
PURPOSE ROBOTIC 
SERVICER) 


DESCRIPTION DATE 


REPLACE DEFECTIVE/ 1995 

OBSOLETE MODULE (S) 

AND RESUPPLY FLUID 
FOR ADVANCED X-RAY 
ASTROPHYSICS FACILITY 
(AXAF) AFTER RETRIEVAL 
FROM LEO FOR SERVICING 
AT SPACE STATION HANGAR 
USING GENERAL PURPOSE 
SERVICER. 

LOCATION: 

RETRIEVE LEO 28.5°. 

SERVICE AT SPACE 
STATION. 


PRECURSORS 



TMS OPERATIONAL VALI- 
DATION, GENERAL 
PURPOSE SERVICER 
VALIDATION 


o o 

"*1 X 

Si 

O > 
50 r- 


O 

c 

> 


5 


-o 

0 

r*i 
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TDM 7: Maintenance and Module 
Replacement — Operations Analysis (Example) 


AXAF repair, replace, and resupply mission demonstrates credible servicing 
capability at Space Station. 

_ AXAF Retrieval and Delivery by TMS Demonstrated 
— Robotic General-Purpose Servicer Validated 

_ Repair, Replacement, and Resupply ol Operational Spacecraft Demonstrated 


~<2 



TDM 7: Maintenance and Module 
Replacement-Operations Analysis (Example) 


Shuttle Docking 
& Cargo Transfer 
to SS 


Retrieve AXAF 
Using TMS 


AXAF General 
Inspection Servicing 
Using Robotic General 
Purpose Servicer 



Resupply 

Fluids/Gases 


Redeploy AXAF 
to Operational 
Orbit Using TMS 



Operational Requirements: 

- STS 

- Space Crane/RMS 

- Crane/RMS Control 
Console 

- EMU/MMU 

- P/L Berthing Station 
(Hangar), Tools, 
Logistics 

- Ground/SS Crew Comm & 
Control 


Robotic General 
Purpose Servicer 
AXAF Checkout 
Instrumentation 
Fluids Servicing 
equipment 

J7S I SS™ 1 

SERVICER | 



Title: 

Inclination: 

Altitude: 

S/C Mission: 


•Ground Control 


Advanced X-Ray 
Astrophysics 
Facility (AXAF) 

28.5* 

A00 km/216 nm 

Astrophysics 
Facility for 
Determining X-Ray 
Sources & Physical 
Properties 









M / iwr/zv marietta 


55 



AXAF Design Supports Onorbit Servicing 

- Complex Servicing Requirements Identified 

- Standard and Nonstandard Interfaces Exist 

- Access Provided to Several Spacecraft Locations 



AXAF Spacecraft 


RATE GYRO PKG 
STAR TRACKER 
ASPECT CAMERA 


ANTENNA 

(access) 


-CAROUSEL DRIVES & 
MECHANISMS 

(access) 


APERTURE DOOR 
MECHANISMS 

(access) 



FOCAL PLANE INSTRUMENTS 

• LRS 

• LRI 

• HRDS 


SOLAR ARRAY 


REACTION WHEEL 


Po 

f* 

ft* 


BATTERIES 

(MPS module) 


TAPE RECORDERS 
(C&DH MODULE) 


NON-FOCAL PLANE 
INSTRUMENTS (ACCESS) 


M>l ft TltJ Ftf£ TT/X 



TDM 7: Interface Definition 


Accommodation needs Identified by Interface analysis. 

— Analyzed 16 Activities in Servicing Scenarios 

— Identified More than 20 System and Subsystem Functional Interfaces 

— Interfaces Included Physical, Operational, Crew, and rf 

— Many Interfaces Capable of Standardization 


# 


58 



I 


TDM 7: Interface Definition 


Interfaces 

S tructural/Mechan i CAL 
Restraint/Stowage 
Handle/Transfer 
Remove/Replace 
Miscellaneous 

Electrical 

Supply Power/Grounding 
Covers/Protection 

Propellants/Pressurant 

Storage 

Resupply/Replenish 

Thermal Control 
Control/Mon n or 
Aux TCS 

Data Management 
Storage 

Processing/Control 

Video 


Servicing Activity Steps 

1 2 3 U 5 6 7 8 9 1 10 1 11 ! 12 1 13 1 1^4 1 15 1 16i 


X X 
X X 
X 
X 


X X 
X X 


X X 
X 


X X X X X X X 
XXXXXXXX 
X 

XXX X 

XXX 
X X 

X X 
X X 

X X 


X I X I X X X X 
A , X X X X 
XXXXXXXX XX 
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Servicing Activities Evaluation 


Servicing scenario analysis provided TDM support equipment definition. 

— Multiposition Translation Carriage Improves EVA Efficiency 

— First Use of General-Purpose Manipulator Servicer 

— Multiposition Crade/Carriage Reproduces Cargo Bay 

— Cradle Carriage and Carousel Mechanism Adaptable to Multiple Payloads 


Servicing Activities 


/W/l#/r//V /W/1/7/F7T/1 
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Accommodation needs Identified for TDM 7 Include unique and multipayload 
equipment. 

— Major, Complex Accommodation Needs Are Part of Early Space Station 
Capability 

— More than 50% of Support Equipment Is Not Unique to TDM 7 

— Most Support Equipment Technology Is Adequate 


Support Equipment 


Support Equipment 

Structural/Mechan i cal : 

Storage for TMS, ORU, Tools, EMU 

Space Crane/RMS 

Payload Cradle/Carriage 

Carousel/Servicing Mechanism 

Multiple Position Translation Carriage 

EVA Translation Aids 

EVA Portable Foot Restraint 

Servicing Tools 

Tethers, Lanyards, etc 

Module Service Tools (MMS) 

General Purpose Robotics Servicer 

Electrical: 

Power Supply and Control 
Umbilical Connection 
Protective Covers 


Development Status 
A i B I C 



A - Current Technology 

B - Extension of Current State-of-the-Art (SoA) 
C - New Technology Development 
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Support Equipment 


Support Equipment 
Data Management: 

g Data Processing and Control 

g Storage 

g Software 

Displays/Keyboard 

Communications : 

RF Sets (TMS and EVA) 
Rendezvous Radar (TMS) 
Rendezvous Radar (SS) 

Serv Antenna Hat/Umbilical 

Propellant Rdsupply: 

Storage for Gases and Fluids 
Pressurant Transfer 
Fluid Transfer 
Vent/Containment Hardware 
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Support Equipment Commonality 


Evaluation of TDMa reveals a tendency toward commonality of support equipment 
needs. 

— Functional Interface Needs Are Similar 

— Interface Adapters Can Be Used Effectively 

— Structural and Electrical Commonality Is More Apparent than Fluid Resupply 
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Support Equipment Commonality 


\ 


TDM 7 

Support Equipment 

TDM 1 
SS Assy 

TDM 2 
Resupply 

TDM 3 
Geo Xfer 

TDM A 
LSS Assy 

TDM 5 
Resupply 
Cryo 

TDM 6 
Refurb 

TDM 8 
Resupply 
Geo 

• Storage Provisions 


X 

X 

X 

X 

X 

X 

• SS RMS 


X 

X 

X 

X 

X 

X 

• Payload Cradle 


X 

X* 

X 


X 


• Carousel Mechanism 






X* 


• Robotics Servicer 


X*REMOTE 



X*remote 


X*REMOTE 

• Universal Service 






X 


Tool 








• SS Tool Kit 

X 



X 


X 


• EVA Translation 

X 

X 


X 


X* 


§ EVA Restraint 

X 

X 


X* 


X 


• Tethers/Landyards 

X 

X 


X 


X 


• Power Supply/ 








Controls 



X* 

X* 


X* 


• Umbilical Connection 



X* 

X* 


X # 


• Protective Covers 








Elect/Other 






X* 


• RF Sets 


X 

X 

X 

X 

X 

X 

• Radar 


X 

X 

X 

X 

X 
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Support Equipment Commonality (Cont.) 


TDM 7 TDM 1 TDM 2 TDM 3 TDM k TDM 5 TDM 6 

Resupply 

Support Equipment SS Assy Resupply Geo Xfer LSS Assy Cryo Refurb 

• Ant/Cable Coupler X* 

• Data Display X X 

§ Data Storage X 

• Data Proc/Control X XX 

• Video X X X X 

• Software X* X* X 

• Contam Monitor X 

• Lighting X X X* X 

• Safety Eq/Proc X X X 

« Gas Storage X* 

• Fluid Storage X* 

• PRESSURANT XFER X* 

• Fluid Transfer X* 

• Vent Equipment X* 

• EMU Resupplies X X 

• Service Procedures X* X* X* X* 

•Potential Unique Equipment/Software Required or Adapters Needed 



TDM 8 
Resupply 
Geo 
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Programmatic Analyses 
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Marginal Cost and Economic Benefits by 
Capability Increment 


Servicing tasks with the largest economic payoff were used to establish the 
priority for each TDM. 

— Economic Benefits Compare Servicing Based at Space Station versus Shuttle 

— Marginal Cost Is the Additional Cost of Providing That Capability 

— Economic Benefits Are Primarily Transportation Cost Avoidance 
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Marginal Costs and Economic Benefits 
by Capability Increment 
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Time Phased Servicing Tasks 

Mission model analysis resealed early and Increasing opportunities to perform 
cost-effective servicing. 

— Orbit Transfer Is a Major Early Servicing Opportunity 
_ Demand for Resupply and Maintenance Grows In Mid-1990s 
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Servicing Opportunities 


Timed Phased Servicing Tasks 



25% 

Maintenance 


Assembly 7% 


Resupply 

(Fluids, 

Solids) 


Orbit Transfer N. 
(Delivery, Retrieval^ 



Resupply 

~ Projected Orbit 
^ Transfer 


Maintenance 
Orbit Transfer 


Assembly 


1991 92 


93 9A 


95 96 

Year 


97 98 


2000 


77 



Critical Items 


Analysis of critical service elements Identified risk and high payoff areas. 

— All Result in High Economic Payoff 

— Most Have Critical Technical or Schedule Risks 


Critical Items 


High 

C ritical Items Payoff 

OTV - Space Based, Aerobraked X 

Rendezvous and Docking System X 

CMS - Space Based X 

Spacecraft Standardization X 


Orbital Fluid Transfer 


X 


i 
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Critical Precursor Technology Schedules 


Critical technology development Issues are time-phased. 

— Technologies Require Precursor Ground and Shuttle Development Efforts 

— Development of Space-Based TMS and OTV Vehicles Critical to Early Servicing 
from Space Station 


Critical Precursor Technology Schedules 

















Technology Development Missions Schedule 


TDMs with largest economic payoff are scheduled early. 

TDMs 1 and 2 Are a Set of Missions Accomplished over Span Shown 

— GEO Orbit Transfer TDM Schedule Is Constrained by OTV Development 
Timeline 



Technology Development Missions Schedule 


Year 1990 1991 992 1993 1994 1995 1996 1997 


Space Station Assembly 

LEO Transfer, Resupply 
& Retrieval 

Orbit Transfer (GEO) 

Large S/C Assembly 

Resupply (Cryogen) 

Maintenance/Module 
Replacement (EVA) 

Maint. /Module Replace 
(Gf.n. Purpose Robotics 
Ses. ) 

Resupply Fluids at GEO 
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TDM 7: Associated Costs 


Selecting existing and planned missions produces cost-effective TDMs. 

Sharing Costs with the User and Space Station Lowers TDM>Unique Costs 


# 
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TDM 7: Associated Costs 


TDM Costs 


Ops Planning & Support 
AXAF Cradle 

Replacement Module 
Storage 

Checkout Support 
Equipment 

Umbilicals 


Space Station 
Common Costs 
$38M 


■ General Purpose Robotic 
Servicer 

■ Payload Carriage 

■ Carousel Mechanism 

■ Module Service Tool 


TDM 7 
Unique Costs 
%7M 

■ Research & Technology 

■ Operations Planning & 
Support 

■ Experiment Hardware 

■ Support Equipment 
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• Satellite Servicing tasks/locations/scenarios are satisfied with eight TDMs. 


g • The Space Station mission model provides many opportunities to carry out the TDMs 
AND DEMONSTRATE SATELLITE SERVICING OPERATIONAL CAPABILITY BY THE LATE 1990S . 

£ • Many TDM support accommodations are satisfied by required Space Station 

g architectural attributes. 

c 

tr 

• New support equipment commonality exists across our recommended TDMs (minor 

MODIFICATIONS/ADAPTERS LIKELY). 

• Standard payload interfaces are required to perform automated servicing of 
payloads/satellites. 

• Maintainability must be designed into future hardware that requires hands-on 

OR EVA SERVICING. 
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Conclusions (Cont) 
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• Identified servicing issues should be resolved to provide study direction and 
to support Satellite Servicing planning activities. 

• Using real missions to demonstrate Satellite Servicing operational capability 

REDUCES UNIQUE COST OF TDMs . 

§ Early Space Station provides flexible "test bed" for servicing procedures 

BEFORE IN SITU OPERATIONS. 




